Abstract: Cherry cultivation in the Carpathian basin area began more than 100.000 years ago. Adapting to the basin specific ecological conditions resulted in high degree of genetic variability among the cherry cultivars. The SSR (Simple Sequence Repeat) markers allow the discrimination of the cultivars and determination their specific DNA fingerprints. Due to the high degree of polymorphism of microsatellite markers, generally only six SSR loci are enough to differentiate the varieties. Microsatellite markers are used not only for cultivar identification but also for the verification of synonyms and homonyms. Owing to their locus specificity and Mendelian codominant inheritance, parentage can be clearly identified, primary and secondary relationships between the cultivars can be discovered.
Introduction
Both sour and sweet cherries are important economic dicot stone fruit plants, belonging to the the Rosaceae family within the Prunoideae subfamily.
Sour cherry (Prunus cerasus L.) is an allopolyploid, spontaneous hybrid species originating from West Asia and South-Eastern Europe. It is supposedly formed from the cross between the diploid sweet cherries (Prunus avium L., 2n=2x=16) and the tetraploid Mongolian cherries (Prunus fruticosa Pall, 2n=4x=32) (Beaver et al. 1995) . Presently, sour cherry still grows wild in various parts of Europe, from Scandinavia and the north of Turkey to the south and shows great genetic diversity.
Sweet cherries (Prunus avium L.) are diploid plants (2n=2x=16). Primary centers of origin are Pre-Asia (Caspian Sea, Black Sea region) as well as Western China mountains. Europe is considered to be the secondary center of origin (Pór and Fabula 1982; Tropicos 2015) .
Hungary is an important sour cherry producing country because of its traditions, varieties, technology, and market opportunities (Nyéki et al. 2003) . Towards the end of the 19th century, Pándy and Cigány varieties dominated in sour cherry production. The quality of Pándy is considered as a standard; it is a unique Hungarian variety (Nyéki et al. 2003) . Sweet cherry production has been doubled in the world since 2001, the average yield in Hungary is 5-6 t/ha. In Hungary ripening period of sweet cherry begins in the third decade of May and ends in the middle of July. According to experts Germersdorfi óriás, Bigarreau Burlat, Van, Margit, Katalin, Linda were the most used cultivars in Hungary in 2012. However, other hybrid species have also become popular such as Carmen, Vera, Rita and other Canadian, American and Italian cultivars (Radóczné 2012).
Microsatellites or simple sequence repeats (SSRs) are co-dominant, abundant, multi-allelic, as well as uniformly distributed over the genome, and can be detected by simple reproducible assays (Powell et al. 1996) . Its length ranges from 1-6 nucleotides (Van Oppen et al. 2000) and can be classified as mono-, di-, tri-, tetra-, penta-and hexanucleotide repeats. With the minimum repeat length of 12 base-pairs they are tandemly repeated usually 5-20 times in the genome (Goodfellow 1992; Vaughan and Lloyd 2003; Ellegren 2004; Prajapati et al. 2017) . As a result of their quickness, simplicity, rich polymorphism and stability SSR markers are highly popular in genetic diversity analysis (Turkoglu et al. 2013; Gürcan et al. 2015; Batnini et al. 2016) , construction of fingerprints (Cantini et al. 2001; Rojas et al. 2008; Klabunde et al. 2014; Turet-Sayar et al. 2012; Ivanovych et al. 2017) , genetic purity test (Spann et al. 2010) , molecular map construction and gene mapping (Ogundiwin et al. 2009; Olukolu et al. 2009; Fan et al. 2010; Pacheco et al. 2014; Rowland et al. 2014; Wang et al. 2014; Eduardo et al. 2015) , utilization of heterosis, especially in the identification of species that are genetically related. Microsatellite markers have also been used in several studies to define conserved regions among related species (Decroocq et al. 2003; Martínez-Gómez et al. 2003; Maghuly and Laimer 2011; Alisoltani et al. 2016 ) for both plants and animals genome mapping (Weising et al.1998 ). Gustavsson (2014) and Lacis (2014) were of the opinion that SSR markers should be compoulsorily used to provide molecular profiles for the cultivars thus detecting duplicates and mislabelling in germplasm collections. In order to ensure that data are compatible with international data bases, there is a marker set which the ECPGR (European Cooperative Programme for Plant Genetic Resources) Prunus WG recommended. Lacis et al. 2009 ) thus using these SSR markers it was possible to distinguish the cultivars and accessions studied. Our aim was to determine the SSR fingerprints of sour and sweet cherry genotypes to expand databases set by the Institute of Genetics, Microbiology and Biotechnology.
Genotypes

Materials and methods
Plant material
The 
DNA isolation
Young leaves were collected from a single tree for each genotype, stored at -70°C. Total genomic DNA was extracted using the modified CTAB protocol ( Van der Beek et al. 1992) . The DNA was dissolved in distilled water to a final volume of 200 µl and its concentration was checked with a Nanodrop spectrophotometer.
Amplification conditions
PCR in a volume of 10 µL was done in an iCycler equipment (BioRad). The components of the reaction mixture were: 20 ng of template DNA, 0.6 U of WTB-Taq polymerase (WestTeam Biotech, Pécs), 0.1 mM dNTP mix, 0.75 µM of each forward and reverse primer, and 1.25 mM MgCl 2 in 1X PCR buffer. For the amplification with the SSR primers we performed touchdown PCR, which consisted of an initiation cycle at 94C for 2 min; 10 cycles of denaturation at 94°C for 30 seconds, primer annealing at 65°C for 30 seconds and extension at 72°C for 1 minute, where the annealing temperature was decreased by 1°C at each cycle. This was followed by 24 cycles of denaturation at 94°C for 30 seconds, annealing at 56°C for 30 seconds and extension at 72°C for 1 minute. The reaction was completed with a post-polymerization extension cycle at 72°C for 5 minutes.
The amplified products were separated on 6% polyacrylamide gel (ReproGel™, GE Healthcare, AP Hungary Ltd) in a vertical system (ALFExpress II., Amersham Biosciences, AP Hungary Ltd, Budapest). Fragments were detected by Cy-5 fluorescent labelling of the forward primer. The precise sizes of the amplified SSR regions were determined by applying DNA molecular weight standards and ALFwin Fragment Analyser 1.0 software. Dendrograms (Average Linkage) Between Groups were constructed based on the SSR data using SPSS 22 statistical program.
Markers
The same 6 SSR primer pairs were used in both sour and sweet cherry ( 
Results and Discussion
The modified CTAB DNA extraction procedure (Van der Beek et al. 1992 ) resulted in sufficient amount of DNA (40-80 ng/µl). The PCR products tested on agarose gel and the size of the amplified SSR fragments determined with ALFwin Fragment Analyser 1.0 software can be seen in Figure 1 . The precise sizes of the amplified SSR fragments are shown in Table  4 , 5, 6 and 7.
All of the 6 SSR markers displayed polymorphic pattern. Because of the allopolyploid origin of sour cherry we got 1-3 different alleles, however 4 different alleles were not found, alleles represent 2 heterozygous and 1 homozygous alleles, meaning that one of the loci was heterozygous while the other homozygous. In absence of reference data we were not able to decide which allele belongs exactly to the homozygous locus. We could calculate the allelic frequency from the numbers of alleles ( Table 4 ). The number of the alleles were 2-5 and the frequency of the alleles were between 2.3%-85.3%. In the case of UDP 96 005 primer there was a rare allele (118 bp) which can be observed only in two cultivars (Maliga emléke, Piramis). We found only one unique allele formule in the case of BPPCT 002, Maliga emléke has a 183 bp homozygous form. Only four of the 6 SSR primer-pairs generated alleles proved to be suitable to distinguish the studied sweet cherry genotypes. Their frequencies have ranged from 1.32% to 100%. A total of 456 polymorphic alleles were amplified and the number of the alleles per locus ranged from 1 to 4 (Table 6 ).
UDP96 001 and UCDCH 17 primers resulted in 2 different alleles, both in homozygous or heterezygous form. Four alleles were identified in cherry genotypes using UDP96 005 locusspecific primers (Table 6 ). Two alleles were common and two were rare. Cultivars Botond, Regina and Octavia had unique combinations of these alleles and they could be identified by using this marker. In the case of BPPCT 002 primer we got an allele (179 bp) in high fequency, the almost monomorphic pattern was broken only in 2 cultivars, Antia and Hedelfingeni óriás contained a rare allele (183 bp) ( Table 7) .
We observed the same range of alleles like 
The SSR results of sour cherry
The dendrogram (Figure 2) 
The SSR results of sweet cherry
On the dendrogram (Figure 3 ) 3 main groups could be observed. Columella -Journal of Agricultural and Environmental Sciences Vol. 4, No. 1 (2017) The following tables ( Table 9 -15, 17, 18 ) present the parent-progeny results of the sour and sweet cherry cultivars. In some cases we could examine only one of the putative parents ( had the same SSR patterns. BPPCT primers described by Dirlewangeret al. (2002) did not give appropriate polymorphisms in sweet cherry despite these primers were more discriminative in sour cherry.There are two BPPCT primers which produced monomorphic pattern in the case of sweet cherry, while these primers amplified 2-4 different alleles in sour cherry. The UDP primers presented satisfactory level of polymorphism both in sweet and sour cherry. According to our results more UDP primers with known map position are advisable to use for discriminating the non-distinguishable varieties.
